
Chapter 1

The background

Dante called Aristotle ‘the Master of those who know’. Aristotle was so

regarded by learned men from the time of Aquinas to that of Galileo. If

one wished to know, the way to go about it was to read the texts of

Aristotle with care, to study commentaries on Aristotle in order to grasp

his meaning in difficult passages, and to explore questions that had

been raised and debated arising from Aristotle’s books. University

education had been patterned on those procedures from its very

beginning in the thirteenth century. As Aristotle had lived before the

Christian era, he was recognized to have been mistaken on some points,

but they were not many and theologians had found and corrected

them. Aristotle was commonly referred to as the Philosopher, with a

capital P; all matters of knowledge belonged to Philosophy just as all

matters of faith belonged to Sacred Theology.

Physical science in general constituted ‘natural philosophy’; that is,

knowledge of Nature, which was physis in Greek. Aristotle had covered

this in several works, notably in his Physics, On the Heavens, Meteorology,

and books about the creation and the coming to an end of things. The

principles of physical science were determined in Aristotle’s

Metaphysics, written after he had composed his books on science, since

it would not be proper to have science discuss its own principles, and

still less to build it on arbitrary principles determined in advance

without careful study of nature.
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The general pattern of Aristotelian physics and cosmology is probably

known to most readers, and a brief summary cannot do it justice.

Nevertheless, in order to make clearly perceptible the sources of the

opposition against which Galileo had to contend when he suggested a

different approach to the study of nature, a short sketch of the

established approach as taught in the universities of his time will be

attempted.

Basic to Aristotle’s philosophy was the goal of understanding why

things are as we find them, why they could not be (or have been)

otherwise, and why it is best that they are as they are. To understand

those necessities it is essential to penetrate to the causes of things, and

to grasp the ultimate purpose behind all events in nature. Building on

the work of his predecessors, Aristotle adopted as fundamental the four

‘elements’ – earth, air, water, and fire – and four qualities in paired

opposites – heat and cold, moisture and dryness – as associated with

them. Natural places to which the elements belonged were assigned,

and natural tendencies of gravity and levity by which they always strove

to return to their natural places if removed therefrom. Logical rules

were established by which causes could be determined for the effects

we perceive in nature, causes being given only by reason and not

presented to us directly by our senses. Substance, form, agent, and

purpose were recognized as determining, or predominating in,

causation of distinguishable kinds. The inner essences of things were

identified in their definitions, and distinguished in that way from

accidental properties they exhibited under various circumstances.

Natural philosophy then consisted of causal explanation of observed

phenomena in nature within such a logical and schematic

programme.

The physics of Aristotle was concerned primarily with change, which he

put as the most fundamental characteristic of nature, saying that to be

ignorant of change was to be ignorant of nature. The term used by

Aristotle for change was translated into Latin as ‘motion’, which
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eventually became restricted to what Aristotle called ‘locomotion’

(change of place with respect to time), recognized by him as somehow

logically prior to other kinds of change, or always involved in or implied

by it, but not of exclusive interest in his physics. Change of quality, as

when iron changes from brown to red and then to orange and then to

yellow as it is heated, or change by growth with the passage of time,

was of equal interest to Aristotle.

Turning from physics to cosmology, Aristotle divorced the heavens from

the elemental parts of the universe with the earth as their centre and

the fire as the highest sphere, bounded by the sphere of the moon.

Beyond the four elements, everything consisted of a fifth substance, the

quintessence, which unlike them was not subject to any kind of change

except locomotion, uniformly and in perfect circles. The cosmology of

Aristotle appears to have been developed directly from a suggestion of

Plato’s, mathematically rationalized by Eudoxus, so in this matter there

was not a conflict between two philosophies. Aristotelian cosmology

survived unaltered by Ptolemaic astronomy, despite its eccentric

planetary orbits and the epicyclic motions which already strained the

original simple notion of uniform circular motion around the earth. It

could not survive the Copernican astronomy, which put the earth itself

in motion against the basic principles of Aristotelian natural philosophy.

Either the latter or the Copernican system had to be abandoned or

altered beyond recognition.

Between 1605 and 1644 a series of books appeared in rapid succession in

England, Italy, and France which laid waste the Aristotelian natural

philosophy of the universities. The authors were Francis Bacon, Galileo,

and René Descartes. The only conspicuous matter of agreement among

them was that Aristotelian natural philosophy was not good science. Of

course there had been earlier disparagements of the Philosopher and

other programmes for improvement of science, especially during the

sixteenth century, and accelerating toward its end. In the years named,

others continued to appear. But for our present purposes it suffices to
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note a significant epoch in the cultural history of Europe marked by the

appearance of three celebrated thinkers during a single generation, in

three different countries, after four centuries of Aristotelian authority in

science, all of whom opposed that on solid, though widely different,

grounds.

Since we are here concerned only with the contributions of Galileo, it is

appropriate to stress one significant way in which those differed from

contributions made by Bacon and Descartes. Those two men are

remembered for their philosophies, still called ‘Baconian’ and

‘Cartesian’. Hardly any later philosopher in Europe or America, or any

historian of philosophy, has ignored them. Galileo, in contrast, is

remembered only for his contributions to science. Hardly any later

philosopher or historian of philosophy took note of him, though several

scientists and nearly all historians of science did.

The epoch in cultural history marked by Bacon, Galileo, and Descartes is

usually called the Scientific Revolution, or by some its beginning. The

seventeenth century was characterized by the rise of useful science as

distinguished from science for its own sake, though that pursuit of

course continued. Utility had been deliberately excluded from

Aristotelian natural philosophy. Aristotle had nothing against practical

knowledge, which he called techne; he simply did not consider it to be

the same kind of thing as scientific knowledge, which he called

episteme. From techne we have the word technology, which means to us

largely the application of scientific knowledge, while from episteme we

have the word epistemology, a branch of philosophy that deals with the

theory of knowledge, scientific or any other. For Aristotle, however, the

difference between techne and episteme was not a difference between

application and theory, but was one of sources of knowledge and goals

of knowledge. The source of technical knowledge was practical

experience and its goal was, roughly speaking, knowing what to do next

time. The source of scientific knowledge was reason, and its goal was

the understanding of things through their causes.
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The Scientific Revolution consisted to a large degree in erasing those

classical distinctions and in bringing the kind of knowledge acquired

from practical experience together with the kind achieved through

reason, even at the cost of accepting knowledge of what to do next

time in place of an understanding of the causes of things. This latter

move is more politely described as the search for laws instead of

causes.

Even now it appears to be offensive to philosophers to slight in any way

the search for causes. That was still more offensive to them at the

beginning, after centuries during which the whole purpose of science,

or natural philosophy, had been to determine the causes of things.

Descartes, for example, considered any contrary procedure so

outlandish that he rejected Galileo’s science out of hand because it had

not started with an investigation of the causes of motion and of

heaviness.

Aristotle’s physics offered material, formal, efficient, and final or

purposive causes of every kind of change in nature. Galileo’s physics

dealt with local motion for the most part, and even then only with local

motions of heavy bodies on or near the surface of the earth; and

moreover did not attempt any causal explanation even of these. Not

only did it fail to come to grips with most of the problems which

concerned contemporary philosophers, but it contradicted express

statements by Aristotle concerning (for example) speeds of fall of heavy

bodies, and offered no causal explanation in place of his. It is clear why

these philosophers regarded Galileo’s science as beneath contempt: to

them it appeared pitifully trivial and inadequate.

At the beginning of his career, of course, Galileo had attempted to

investigate motion by causal reasoning, as he had been taught to do at

the university. But when, late in life, he introduced his law of fall – the

law that was to become the cornerstone of a new physics – he had this

to say on the subject:
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The present does not seem to me to be an opportune time to enter

into the investigation of the cause of the acceleration of natural

motions, concerning which various philosophers have produced various

opinions . . . Such fantasies, and others like them, would have to be

examined and resolved, with little gain. (TNS 158–9)

We shall see how, when, and perhaps why Galileo in due course

abandoned causal reasoning, though he by no means gave up using the

word ‘cause’, which is very useful when sensibly applied. But before we

embark on his biography, it will pay us to glance at some of his mature

remarks about science and its relation to philosophy.

Galileo’s science was not a closed system, as was Aristotle’s. It was not

so much a collection of conclusions as it was a method. To the extent

that it embodied conclusions, those were both piecemeal and

incomplete, and they were expected by Galileo to remain so, no matter

how far science progressed. In his own words in The Assayer of 1623:

To put aside hints and speak plainly, and dealing with science as a

method of demonstration and reasoning capable of human pursuit, I

hold that the more this partakes of perfection, the smaller the number of

propositions it will promise to teach, and fewer yet will it conclusively

prove. Consequently the more perfect it becomes, the less attractive it

will be and the fewer will be its followers. On the other hand [books with]

magnificent titles and many grandiose promises attract the natural

curiosity of men, and hold them forever involved in fallacies and

chimeras without ever offering them one single sample of that sharpness

of true proof by which the taste may be awakened to know how insipid is

its ordinary fare. (D&O 239–40)

The ordinary fare to which Galileo referred was Aristotelian natural

philosophy, which was a complete array of conclusions about physics

and astronomy, marshalled under metaphysical principles and logical

procedures which enable one to find the cause of any effect in Nature

G
al

il
eo

6



that might ever come up. Galileo’s remark that as science progressed it

would venture ever fewer propositions did not mean absolutely fewer,

but fewer in comparison with natural philosophy and its grandiose

programme of explaining everything that might be discovered. In

contrast, he said:

There is not a single effect in Nature, not even the least that exists, such

that the most ingenious theorists can ever arrive at a complete

understanding of it. This vain presumption of understanding everything

can have no other basis than never understanding anything. For anyone

who had experienced just once the perfect understanding of one single

thing, and had truly tasted how knowledge is attained, would recognise

that of the infinity of other truths he understands nothing. (D 101)

It might seem inconsistent for Galileo to say in one sentence that even

the tiniest event in Nature will never yield to complete understanding,

and then in another to imply that someone had understood some one

thing perfectly and thereby realized the implications of that knowledge.

The apparent inconsistency was resolved in this way:

I say that the human intellect does understand some propositions

perfectly, and thus in these it has as much absolute certainty as has

Nature herself. Those are of the mathematical sciences alone; that is,

geometry and arithmetic, in which the Divine intellect indeed knows

infinitely more propositions than we do, since it knows all. Yet with

regard to those few which the human intellect does understand, I believe

that its knowledge equals the Divine in objective certainty – for here it

succeeds in understanding necessity, than which there can be no greater

certainty. (D 103)

By specifying geometry and arithmetic alone, Galileo deliberately

excluded physics and astronomy, which involve events of Nature. Those,

as he had said, elude perfect understanding: but the necessity we

experience in mathematical proof gives us a taste of the sureness that
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Nature displays in her operations. For the most part, at any rate, the

means we must employ to link mathematics with Nature are neither

certain, nor capable of unrestricted and unqualified application:

No firm science can be given of such things as weight, speed, and shape

[of bodies in motion], which are variable in infinitely many ways. Hence

to deal with such matters scientifically, it is necessary to abstract from

them. We must find and demonstrate conclusions abstracted from the

impediments [of material] in order to make use of them in practice under

those limitations that experience will teach us. (TNS 225)

In that way Galileo conceived of the union of practical experience with

abstract science which was characteristic of the Scientific Revolution.

Concerning the future of philosophy, he wrote:

Philosophy itself cannot but benefit from our disputations, for if our

conceptions prove true, new achievements will have been made; if false,

their refutation will further confirm the original doctrines. So save your

concern for certain philosophers; come to their aid and defend them. As

to science, it can only improve. (D 37–8)

The above passage, in Galileo’s Dialogue, was addressed to an

Aristotelian who feared that Galileo’s science would bring philosophy

tumbling down. Galileo was under no illusion that philosophers would

even try to understand his science, let alone give up any of their views:

There is no danger that so large a multitude of great, subtle, and wise

philosophers will allow themselves to be overcome by one or two who

bluster a bit. Rather, without even directing their pens against those, by

means of silence alone, they place them in universal scorn and derision. It

is vanity to imagine that one can introduce a new philosophy by refuting

one author or another. It is necessary first to teach the reform of the

human mind, and render it capable of distinguishing truth from

falsehood, which only God can do. (D 57)

G
al

il
eo

8



Galileo shared with Bacon and Descartes the dream of a new philosophy

that would displace the verbal exercises of Aristotelianism, but unlike

them he did not attempt to set one forth. That seemed to him to lie far

in the future, after a great deal more was known about the physical

universe as the result of joining practical experience with reason in what

I have called useful science. This had begun to appear in the sixteenth

century, outside the universities, since it could contribute nothing to

natural philosophy as codified in academic instruction. Useful science

differed from practical knowledge by systematically organizing it for the

first time. Natural philosophy was already tightly organized and

complete; any change in or addition to it would alter metaphysics,

derived by Aristotle from his natural philosophy, and would thereby

affect the rest of philosophy. The completely integrated and unified

character of philosophy constituted its strength, and at the same time

made it necessary for science to proceed independently of it in order to

advance at all.

Science remained a natural monopoly of the universities as long as

the only permanent records of knowledge were manuscripts. The first

printed books were usually expensive, came out in small editions,

dealt mainly with topics of interest to scholars and theologians, and

(like manuscripts) tended to accumulate only in centres of learning.

This situation changed around 1500. By then there were printers in

many cities, with investments that made it desirable to keep their

presses busy. Led by Aldus Manutius at Venice, they began to issue

cheaply printed books appealing to wider audiences, and to solicit

books of interest to the public from new authors. Literacy grew

rapidly during the Protestant movements, which generated many

tracts and pamphlets that were countered by Catholic propaganda,

both sides expanding education so that these would be read.

Encouraged by printers, authors multiplied, some writing to educate

the public and others to impart new knowledge and practical

information. Useful science thus spread far from centres of

learning.
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Universities perhaps benefited less than any other segment of society

from the outpouring of cheap books. They had been flourishing for

centuries without multiple copies of texts and continued to do so,

through lectures and debates. University science was, if anything, less

advanced than it had been in the fourteenth century. Commentaries on

Aristotle remained the principal texts. The traditional task of the

professor was not innovation but selection and preservation of accepted

material and its transmission to students.

With the exception of medicine, the most important advances in

science during the sixteenth century originated outside the universities.

The new astronomies of Copernicus and Tycho Brahe, the mathematics

of Tartaglia and Stevin, the mechanics of Guidobaldo del Monte and the

physics of G. B. Benedetti are examples. Such developments, moreover,

rarely passed into university instruction; only two or three professors in

sixteenth-century Europe, and none in Italy, were interested enough in

Copernicanism to teach it. The questions of physics that professors of

philosophy debated had nothing to do with the rise of useful science,

but had originated in the Middle Ages.

The extent to which Galileo was indebted to medieval science and

philosophy has been a matter of dispute. Until the present century it

was generally supposed among historians of science that the Middle

Ages constituted a sterile period between the Ptolemaic era and the

time of Copernicus so far as astronomy is concerned, while in

mathematical physics nothing of importance was recognized between

Archimedes and Galileo, an even longer time. Those views were seen to

be very wide of the truth when Pierre Duhem published his researches

among medieval manuscripts, mainly around the time of the First

World War. Duhem’s discoveries were so numerous that he came to

regard science as having evolved continuously from classical antiquity

to the present, with occasional periods of strikingly rapid advance, and

he expressed the challenging view that if there had ever been a scientific

revolution it took place not in the seventeenth but in the fourteenth
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century. Duhem’s conclusions have been modified by subsequent

researches, though in many respects they are still viable.

Duhem’s work brought up two questions in relation to Galileo’s

science. First, the specific one whether his important work on the fall of

heavy bodies had been derived from direct investigation of nature, in

the spirit of modern science, or grew out of medieval impetus theory

and the simultaneous (but independent) ‘mean-speed’ analysis of

uniformly accelerated motion (see below). The second, wider question

was whether Galileo’s science was grounded in philosophy and did not

represent a challenge to it, or was a rival approach to the

understanding of nature – as it had always seemed to be from his

derogatory references to philosophers in his two last and most

significant books. Since medieval science certainly was a branch of

Aristotelian philosophy, Duhem’s continuity thesis required the

portrayal of Galileo’s physics as rooted in medieval works

philosophically, not in new direct investigations of natural phenomena.

On the other hand, the violent attacks launched by Peripatetics against

Galileo’s science made it difficult to regard him as an Aristotelian

natural philosopher.

Another approach to Galileo’s science was initiated in 1939 by Alexandre

Koyré, who saw it as a Platonist reaction to the traditional

Aristotelianism of the universities. Galileo’s emphasis on mathematical

physics was rooted, for Koyré, in Plato’s doctrine that the only world

worthy of a philosopher’s study was inaccessible to the senses and

could be grasped through mathematics alone. Medieval mathematical

investigations of motion in the abstract, though conducted by

Aristotelians, had paved the way, but the Platonism of Galileo

constituted a true revolution in science, according to Koyré. In his

opinion Galileo’s alleged experiments were purely imaginary, and all his

studies of motion could be accounted for by mathematical reasoning in

the style of Archimedes. Such conclusions gained the support of the

majority of historians of science.
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Medieval continuity in the literal sense may be rejected on the evidence

of Galileo’s own manuscripts. No trace of ‘meanspeed’ in accelerated

motion, essential to medieval mathematicians, is to be found either in

Galileo’s working papers on motion or in his published books. Medieval

mean-speed analysis related accelerated motion to uniform motion

through the speed at the middle instant of time. There is a middle

instant only for a completed finite motion. Galileo reasoned about

acceleration for open-ended motions with mathematically continuously

changing speed. As to the medieval idea of ‘impetus’, that quickly gave

way in Galileo’s writings to simple conservation of speed as such.

Previously unpublished notes of Galileo’s have recently also disclosed

records of experimental measurements, invalidating the conclusion of

Koyré. Finally, mathematical concepts and procedures quite different

from those of medieval natural philosophers were adopted by Galileo in

reaching his basic law of free fall of heavy bodies.

In a third approach, historians of scientific method, led by J. H. Randall,

Jr., undertook special studies of Paduan Aristotelianism in the sixteenth

century, and produced a new Aristotelian interpretation of Galileo’s

science. During the Renaissance, professorial discussions of method and

of the certainty of mathematics led to a kind of enlightened

Aristotelianism at the University of Padua. Galileo adopted some of its

terminology, and according to these scholars his method in science was

borrowed from that source. The problem in this case is that Giacomo

Zabarella, a leader of the new Aristotelianism at Padua who died only

shortly before Galileo began to teach there, was outspoken against the

use of mathematics in science, though he favoured direct appeal to

experience. His successor was Cesare Cremonini, who steadfastly

opposed Galileo on every scientific issue while both were teaching at

Padua. The two men were personally friendly, but it is clear that the final

official flowering of Paduan Aristotelianism was in opposition to

Galileo’s advocacy of careful measurement and use of mathematical

proportionality in place of physical principles obtained by induction and

the quest for causes through syllogistic logic.
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The search for some philosophy on which Galileo might plausibly have

founded his conception of science has led others to the atomism of

Democritus, but only by total misunderstanding of Galileo’s

mathematical analysis of continuous magnitude. Still others make of

him a ‘conciliator’, as those used to be called who reconciled Plato

with Aristotle, or else a philosophical eclectic who (like Giordano

Bruno) took bits and pieces of conflicting philosophies to suit

themselves. Some see Galileo as a precursor of the philosophical

empiricism of John Locke; others, of the positivism of Auguste Comte.

The fact is, as pointed out by Alistair Crombie years ago, that hardly a

philosophy can be named that does not find something in Galileo’s

writings to give it aid and comfort. It is therefore quite easy to

associate Galileo’s science with this or that philosophical system, for

whatever that is worth.

Since university physics remained Aristotelian natural philosophy while

Galileo was a student, it is understandable that during his first years as a

professor of mathematics, he attempted little more than the

improvement of conventional treatments of motion – and even for

doing that he felt the antagonism of professors of philosophy who

taught physics. In private teaching, however, he encountered and

became interested in practical problems involving mathematics. His

solutions of these led him to useful science and also to recognition of

the ingenuity of practitioners who, often without much education,

solved physical problems. Ultimately he published most of his books in

Italian, writing to a friend in 1612:

What inspires me to do this is my seeing how students in the universities,

sent indiscriminately to become doctors, philosophers, etc., apply

themselves in many cases to such professions when unsuited to them,

while others who would be apt are occupied with family cares or with

other pursuits remote from literature, Though well provided with horse

sense, as Ruzzante would say, such men, being unable to read things

written in Latin, become convinced that these wretched pamphlets
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containing the latest discoveries of logic and philosophy must remain

forever over their heads, Now, I want them to see that just as Nature has

given them, as well as philosophers, eyes to see her works, so she has

also given them brains capable of grasping and understanding them.

(GW 187)

To the question of who could replace Aristotle as a guide in philosophy,

Galileo replied:

We need guides in forests and unknown lands, but on plains and in open

places only the blind need guides. It is better for such people to stay at

home, but anyone with eyes in his head and with his wits about him

could serve as a guide for them. (D 112)

The idea of addressing ordinary intelligent people with a view to

opening their eyes to Nature’s works while providing them with no

philosophical guidance at all did not become generally popular among

scientists until the nineteenth century, when T. H. Huxley called science

‘organized common sense’. To more recent scholars it has seemed an

utter anachronism to credit Galileo with a similar view, no matter what

he may have said. Some, convinced that science without philosophy

must always have been impossible, finding that Galileo neglected to

expound a philosophy, have seen it as the task of historians to discover

or create one for him. But it was precisely philosophy to which Galileo

referred when he spoke of forests and unknown lands, and again when

he wrote:

Such profound contemplations belong to doctrines much higher than

ours, and we [as scientists] must be content to remain the less worthy

artificers who discover and extract from quarries that marble from

which, later, able sculptors cause to appear marvellous figures that lay

hidden beneath those rough and formless exteriors. (TNS 182–3)

Galileo did not believe that science, as a method of demonstration and
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reasoning capable of human pursuit, would ever answer all questions of

interest to humanity, or even very many of them. How he arrived at that

view is the story of his life and work.
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